Extracellular ATP differentially modulates Toll-like receptor 4-mediated cell survival and death of microglia.
The survival and death rates of inflammatory cells directly control their number and are substantially associated with the degree of inflammation. Microglia, key players in neuroinflammation, often cause excessive reactions implicated in neurological diseases. However, the mechanisms that determine microglial fate under pathological conditions remain to be elucidated. Here, we report that activation by lipopolysaccharide (LPS, a Toll-like receptor 4 ligand), an inflammation inducer, primarily promotes survival of microglia, but as its concentration is increased it induces cell death, resulting in decreased cell number. Moreover, extracellular ATP, which is released upon tissue damage, further enhanced the survival induced by a low LPS concentration and the death induced by a high LPS concentration. The survival-promoting effect of ATP was mimicked by non-hydrolyzable ATP analog, adenosine 5'-O-(3-thiotriphosphate), and also by the P2X(7) receptor agonist, 2'(3')-O-(4-benzoylbenzoyl)adenosine 5'-triphosphate, and was suppressed by the P2X(7) antagonists, Brilliant Blue G and A 438079. On the contrary, the death of LPS-activated microglia was not affected by adenosine 5'-O-(3-thiotriphosphate), but enhanced by adenosine, ATP breakdown product. Thus, extracellular ATP modulates microglial survival and death in different ways involving P2X(7) receptor activation and ATP degradation to adenosine, respectively. Such Toll-like receptor 4/purinergic signaling may provide a fine regulatory system of neuroinflammation through modulating the microglial cell number.